VERALL instances of morbidity and mortality associated with surgery to clip cerebral aneurysms have been the focus of multiple studies. Estimates of the frequency of incidental intracranial aneurysms range between 5 and 10%, whereas angiographic studies have documented a rate ranging from 0.65 to 1%. 1, 3, 14, 22 Some of the well-known predictors of clinical outcomes in patients with ruptured aneurysms, such as preoperative clinical condition and the amount of subarachnoid blood, are not useful in forecasting outcomes of patients with unruptured aneurysms. Unfortunately, there remains no method to predict accurately outcomes in these patients. This is of particular importance because recent reports of the incidence of hemorrhage of aneurysms and the cost associated with screening of patients for unruptured aneurysms challenges some of the current management strategies for dealing with these lesions. Furthermore, newer endovascular approaches offer other treatment options that also require a better understanding of the risks of treatment compared with the natural history of the lesion. 8 The goal of the current study was to create a predictive tool for assessing the chances of both favorable outcome and morbidity in a large series of unruptured aneurysms.
on all 387 aneurysms. Two patients in whom aneurysms were wrapped during surgery were excluded from the analysis. All unruptured aneurysms were divided into five groups based on the anatomical location of the lesion: OphA; ICA, including the carotid bifurcation and the posterior communicating, superior hypophysial, and anterior choroidal arteries; ACA and ACoA; MCA; and the VBS. Table 1 shows the number of aneurysms in each anatomical region.
Intraoperative data were reviewed and seven factors that might influence outcomes were identified: 1) aneurysm size greater than 10 mm; 2) presence of a broad aneurysm neck (Ͼ 7 mm); 3) presence of intraaneurysmal plaque or calcification near the neck area; 4) application of clips to more than one aneurysm during the same surgery; 5) temporary occlusion; 6) multiple attempts at clip placement and clip repositioning; and 7) the use of multiple clips.
All patients were assessed at the time of discharge from the hospital. Outcome was rated according to five categories. Patients with excellent outcomes displayed no neurological deficit and were able to return to their preoperative lifestyle. Patients with good outcomes displayed a mild deficit, but were able to return to their premorbid work or lifestyle. Those with fair outcomes exhibited a significant neurological deficit; they were unable to return to their previous work or lifestyle, but were able to live at home with minimal or no assistance. Those with poor outcomes had a serious neurological deficit requiring full-time care. The last outcome grade was death.
The entire group of patients harboring unruptured aneurysms was divided into two subgroups on the basis of outcome. Patients with good or excellent outcomes were considered to have an expected outcome, whereas patients with outcomes less than good were considered to have an unexpected outcome. The incidences of the aforementioned seven independent factors were assessed for each of the two outcome subgroups. Each patient was subsequently assessed so that we could formulate the FAI, the sum of different factors observed in a given patient.
Statistical Analysis
Statistical analysis was performed using logistic regression with outcome as the dependent variable and the number of risk factors as the predictor. All analyses were performed with the aid of a statistical software program (Microsoft Excel version 9.0.3821-SR1; Microsoft Corp., Redmond, WA).
Results

Aneurysms of the MCA
Between 1988 and 1999, 93 patients harboring a total of 101 unruptured MCA aneurysms underwent surgery for clip placement. Middle cerebral artery aneurysms represented the largest group of unruptured aneurysms in this study (101 lesions [28%]; Table 1 ).
The mean age of patients with MCA lesions was 53.5 years. There were 34 male and 59 female patients, demonstrating a clear female preponderance. Eighty-six patients with a total of 92 aneurysms comprised the expected outcome subgroup. Seven patients comprised the unexpected outcome group, accounting for a 7.5% rate of morbidity among all patients with unruptured MCA aneurysms. There were no deaths in either subgroup. All aneurysms were saccular aneurysms. Table 2 represents our observation of each of the seven factors in relation to patients with unruptured MCA aneurysms. In each case the FAI was calculated as the sum of Factors 1 through 7 for each individual patient in both the expected and unexpected outcome groups (Fig. 1) .
Aneurysms of the OphA
Between 1988 and 1999, 82 patients underwent 88 craniotomies for a total of 89 unruptured OphA aneurysms. Among these patients 14 harbored an OphA aneurysm as one of multiple aneurysms (17%). Seventy-seven patients (83 craniotomies for 84 OphA aneurysms) comprised the expected outcome subgroup. Five patients comprised the unexpected outcome subgroup; one of these patients Five operative reports were not available for review, which brought the total number of analyzed operative records for unruptured OphA aneurysms to those of 78 craniotomies with expected outcomes. The mean age of these patients was 49.7 years. Table 3 represents the observation of each of the seven factors in the group with unruptured OphA aneurysms. In each case the FAI was calculated as the sum of Factors 1 through 7 ( Fig. 2) .
Aneurysms of the ICA
During the same period 78 patients underwent 84 craniotomies for 84 unruptured ICA aneurysms. In 25 (32%) of the 78 patients clips were applied to more than one aneurysm during the same surgery. The most common second aneurysm was an MCA aneurysm (13 patients [52%]).
The expected outcome was recorded after 78 craniotomies. There were six patients with unexpected outcomes. There were no deaths and the morbidity rate was 7.1%. The anatomical distribution of all surgically untreated ICA aneurysms is presented in Table 4 . Table 5 represents the observation of each of the seven factors in the group with unruptured ICA aneurysms. In each case the FAI was calculated as the sum of Factors 1 through 7 (Fig. 3) .
Aneurysms of the ACA
Between 1988 and 1999, 50 patients underwent 50 craniotomies for a total of 51 unruptured ACA aneurysms. In 15 patients (30%) clips were applied to more than one aneurysm during the same surgery. The most common second aneurysm was an MCA lesion (nine aneurysms), followed by an OphA lesion (three aneurysms).
Forty-seven patients constituted the expected outcome subgroup. The mean age of these patients was 53.5 years.
Three patients had early outcomes that were worse than excellent or good. There were no deaths in this group and the calculated morbidity rate was 6%. Table 6 represents the observation of each of the seven factors in the group with unruptured ACA aneurysms. The FAI was calculated for each patient and these are presented in Fig. 4 .
Aneurysms of the VBS
Between 1988 and 1999, the senior author surgically treated 156 aneurysms of the VBS, including aneurysms of the basilar artery, posterior cerebral artery, superior cerebellar artery, and anterior inferior cerebellar artery.
During this time 40 patients harboring a total of 40 unruptured VBA aneurysms underwent surgical clip application. In 13 patients (32%) clips were applied to more than one aneurysm during the same surgical procedure. Ten patients (25%) had early outcomes that were worse than excellent or good. Table 7 represents the observation of each of the seven factors in the group with unruptured VBS aneurysms. 
Results of the Statistical Analysis
Using logistic regression with outcome as the dependent variable and the number of risk factors as the predictors with no factor present (FAI 0) as the baseline, we found a statistically significant relationship between the number of risk factors and the probability of an adverse outcome (p Ͻ 0.001). Table 8 lists the odds ratios of an adverse outcome with no risk factors. There is no evidence in these data to indicate that the odds of an adverse outcome for a patient with FAI 1 or 2 is greater than that for a patient with FAI 0.
Discussion
Although the authors of a few studies have suggested that unruptured aneurysms should be left untreated, many surgeons report good results following surgical treatment. For the asymptomatic incidental aneurysm, an outcome of anything worse than good or excellent should be considered unacceptable. Even in the most experienced hands, however, the morbidity rate is never 0%, although this rate fluctuates widely from as low as 4% to as high as 18%, depending on the series. 7, 12, 15, 19, 20, 23, 24 In a metaanalysis of the surgical risks of treating unruptured aneurysms, the senior author (E.S.F.) found an even more favorable outcome in the literature: in 733 patients, there was a morbidity rate of 4.1% and a mortality rate of 1%. 9 Our clinical data fit well within the aforementioned numbers, with combined morbidity-mortality rates of 5.9% for OphA aneurysms, 7.1% for ICA aneurysms, 7.5% for MCA aneurysms, and 6% for ACA aneurysms. The results we have achieved with VBS aneurysms are not so encouraging when compared with those of other studies 11, 12, 20 but they are well within the results of a metaanalysis of 51 studies performed by Raaymakers, et al., 16 covering the period from 1966 through 1996, in which the combined mortality-morbidity rate for posterior circulation nongiant aneurysms was 15.9% and that for the giant aneurysms was higher than 47%.
The multifactorial analysis of intraoperative findings as an outcome predictor is justified only if each of those factors serves as an independent risk factor. We chose those particular factors based on the senior author's personal long-term experience with vascular surgery as well as data provided in the literature.
Most vascular neurosurgeons will agree on the importance of Factors 1, 2, and 3 (size Ͼ 10 mm, broad aneurysm neck, and presence of plaque around the aneurysm neck).
The presence of significant plaque or calcification around the neck area may be an important factor affecting the degree of technical difficulty encountered during clip application. Unfortunately, the presence of plaque or calcification can be appreciated only occasionally before direct observation of the aneurysm during surgery. Once the question of an unusual neck geometry or an increased signal on a routine computerized tomography scan has been raised, we recommend that high-quality noncontrast-enhanced computerized tomography scans be obtained; this sometimes provides a better understanding of the intrinsic conditions of the neck area.
Any discussion of intraoperative factors must include temporary occlusion, which has a significant influence on final outcome. In our series, temporary occlusion (Factor 5, lasting 1.75-24 minutes) was used during almost one third of all craniotomies performed in patients who later comprised the expected outcome subgroup (26-40%). During these procedures only hypothermia was used for neuroprotection. There is a general consensus that temporary occlusion is less likely to be tolerated in patients with MCA aneurysms than in those with ICA or ACoA aneurysms. Samson, et al., 18 reported an infarction rate of 26% in patients with MCA aneurysms, in contrast with patients with ICA (7%) and ACoA (16%) lesions. Lavine, et al., 10 in a retrospective review of 49 MCA aneurysms that required temporary occlusion, experienced an overall infarction rate of 22.4%, with a trend toward a decreased infarction rate in those patients who underwent intermittent temporary clip placement and clip placement distal to the lenticulostriate branches. Regli and associates 17 reported one minor complication from clip placement on 32 unruptured aneurysms; it was attributed to a 6-minute temporary clipping of the M 1 segment and the two M 2 segments during repair of an intraoperative rupture of a 14-mm MCA bifurcation aneurysm. Multiple aneurysms (Factor 4) have been associated with patients harboring MCA aneurysms. 5, 6, 26 This rate may be as high as 45% 13 and could be even higher in patients harboring superior wall aneurysms when compared with those with inferior wall aneurysms. 6, 14, 25 Wirth, et al., 24 as well as Chyatte and Porterfield 4 have demonstrated that application of clips for a single aneurysm compared with application of clips for multiple incidental aneurysms during the same operation had no correlation with the risk of operative morbidity (six of 95 patients compared with one of 12 patients, respectively) or with functional outcome. In contrast, Lavine, et al., 10 have shown that the presence of multiple aneurysms is associated with an increased risk of focal infarction. The authors believe that the risk was not related to simultaneous treatment of these lesions, but rather to the decreased tolerance to cerebral ischemia in patients in whom multiple aneurysms developed. Patients with multiple aneurysms have also been hypothesized as possibly having an increased sensitivity to manipulation of their cerebral microvasculature. In comparison, our findings have shown that multiple aneurysms were treated in almost one third of craniotomies during the same surgery, making it the third most commonly observed factor in patients with MCA, ACA, or ICA aneurysms in the expected outcome group.
It is also our impression that the frequency of occurrence of each particular factor in the expected outcome group indicates the importance of management of these cases. clip repositioning) was observed in more than 50% of patients with MCA aneurysms who attained good or excellent outcomes and in five of seven patients who attained unexpected outcomes. This is probably a reflection of the technical difficulties encountered in treating MCA aneurysms, which often required reconstruction of the bifurcation of the MCA and preservation of the continuity of the M 2 branches as an essential step in the successful management of MCA aneurysms.
Regarding patients with OphA aneurysms, in the majority of patients with expected outcomes the FAIs were almost equally distributed among 0 to 5. A limited conclusion can be made as to the influence of the FAI on outcomes in patients within this group. One explanation that we can provide is based on the assumption that the patient can tolerate a more proximal surgical procedure better than a more distal one. It is a reflection on the large number of collateral vessels and/or the large perfusion volume found in the more proximal vascular tree compared with the distal one. Our impression is that there is an increase in the risk of morbidity in patients in whom aneurysms are displaced more distally in the arterial tree. In a similar fashion the calculation of the FAI was also more predictable in patients harboring more distal aneurysms (lesions on the MCA compared with those on the ICA and the OphA).
In the case of ACA aneurysms, the picture is not perfectly clear, but our contribution to it is a more complex assessment of postoperative conditions than that performed in patients with other types of aneurysms. In these patients we see more often higher cortical dysfunctions associated with the onset of surgery; these are often sudden and their detection may require fine neuropsychological testing when compared with much more pronounced and obvious motor changes observed in patients, for example, after MCA surgery. Although neurocognitive assessment seems to be particularly important in patients with ACA aneurysms, it was not undertaken because of the nature of the study, the absence of known reliable correlations and/or grading between fine neuropsycological dysfunctions, and the more obvious motor or sensory deficits in other groups of aneurysms.
Factor 7, the use of multiple clips, was included in this study because of the results of Tanaka and colleagues. 21 In an analysis of multiple clip application techniques used to treat large and giant ICA aneurysms, those authors found that complications might arise from the technical aspects of the clip application procedure. In an attempt to reconstruct the vessel with multiple fenestrated clips, there could be a possibility of straightening the artery.
One limitation of this study is the specificity of each factor for a given patient's disease. For example, prolonged temporary occlusion in a patient with a poor collateral circulation may be a much more important predictor of outcome than the same procedure in a patient with extensive collateral vessels. Understanding this, it is still our belief that, although no single factor is most important for all patients, the accumulation factors, the FAIs, have value in predicting outcome. In addition, because of the significant difference in outcomes between patients in the VBS group and other locations (which became apparent after completion of the study), one extra risk factor (Factor 8) may be used for patients with aneurysms located in the VBS.
We believe that all operative planning should be completed before surgery and, ideally, all factors that may affect patient outcomes should be accounted for preoperatively. Unfortunately, some important factors, for example, the presence of large amounts of plaque in the neck area, temporary clip application, and multiple manipulations with clips, often cannot be predicted. In cases in which there has been a subarachnoid hemorrhage, the goal of treatment is final aneurysm obliteration; in cases of unruptured aneurysms, however, the avoidance of complications has the higher priority. We do not believe that "backing up" and leaving a previously unruptured aneurysm unclipped to avoid complications that can significantly alter the patient's life is a sign of a surgeon's incompetence, but rather one of good judgment.
Finally, can the patient who has fewer than three FAIs do poorly and what is the chance that a patient will experience a major postoperative stroke if all seven factors have been found? Only two patients harboring MCA, ICA, OphA, or 
